Summary
Reducing costs, postponing investments, exceeding common limitations in exploiting the network assets, while still keeping up reliability and power quality standards, these are the key words in a liberalised market.
To be able to operate with less costs, to postpone investments to a later date and even to be able to uprate cable circuits new approaches has been made for • (pre)qualification of cable and accessory suppliers for low voltage, medium voltage and high voltage has been developed, • diagnostics as part of CBM on cable circuits, • making ampacity calculations to be based on the actual installed thermal situation of the cable and • the role of standardisation.
The (pre)qualification of LV, MV and HV cable and of accessory suppliers has been improved by adding the so-called system approach to the certification process. All aspects related to the operation and the installation of the cable circuits are taken into account, inclusive of the safety, health and environmental aspects.
An important part in the certification is also the characterisation of materials used in type testing the components, followed by requirements regarding traceability of production and processing. By adding this characterisation and traceability, the number of sample tests and the frequency of sampling can be reduced significantly. The result will be less costs, while keeping up the quality level.
The role of diagnostics as part of CBM became even more important. Not only diagnostics for getting insight in the quality of the insulation but also in the actual temperature of the conductor and in the actual thermal conditions of the soil in the cable trench.
The role of standardisation related to cable circuits for a member state of the European Community has been changed significantly.
New aspects in standardisation will be making use of "prestandards" to be able to support and to follow the rapid developments in the liberalised marketplace. Examples are given. The different subjects are discussed in the following chapters.
(PRE)QUALIFICATION
The (pre)qualification of LV, MV and HV cable and of accessory suppliers has been improved by adding the so-called system approach to the certification process.
For HV cable systems, type testing of cables and accessories in the same test loops and test sequences is common practice. The relevant standards give guidance (1, 2, 3).
For the introduction of new MV cable systems, the same approach was followed. At CIRED 1997 this was reported (4). The total qualification program consisted of the well-known type test program on cables and accessories (5, 6). The ease of assembly and the requested skills for a good assembly were also subject of the system certification program. The test loops consisted of 3 cables of different producers, with the same construction, of 3 different straight-through joints of different producers, of 3 different terminations of different suppliers and of one type of transition joint. An example of the cable construction is given in figure 1. With this (pre)qualification program, the MV system was qualified by the utility. Also the different producers/suppliers of these components were prequalified. Since 1996, this MV XLPE cable system is in use at Dutch electric utilities. With this new MV XLPE cable system, the investment costs were reduced, compared with the existing systems. Nowadays, new LV power cable systems are under evaluation. For the introduction of a these new or renewed LV power cable systems, the same approach was followed. Safety, health and environmental aspects were taken into account.
An important part in the certification is also the characterisation of materials used in type testing the components, followed by requirements regarding traceability of production and processing. By adding this characterisation and traceability, the frequency rate of sampling can be reduced significantly. The result will be fewer costs, while keeping up the quality level.
(Pre)qualification and certification of LV cable systems and components
The new systems will consist of PVC/PVC cables. Systems with XLPE/PE and PP/PP (polypropylene (PP) insulation and PP sheath) are under consideration. Next to the type testing in accordance with the standards (7, 8) , aspects related to the operation and the installation of the cable circuits were taken into account, inclusive of safety, health and environmental aspects. These safety, health and environmental aspects were taken into account, both for assembly as well for removal after failure.
The LV system to be (pre) Outcome of this (pre)qualification program was the qualification of the new LV power cable system and the (pre)qualification of a limited number of components from different producers (cables, joints, connectors). Economic result will be reduction of costs while ensuring the reliability and availability of this new LV system.
Proposals are made for (pre)qualification of XLPE/PE and of PP/PP LV-power cable systems.
Characterisation of insulation and sheath materials (fingerprinting)
2.2.1 Philosophy. The philosophy in the Netherlands is that for cables and for accessories, to start with low voltage followed by medium voltage and maybe by high voltage, the tests on the final products (for cables only) have to be replaced mostly by tests and checks during production/processing.
Part of the tests and checks during production/processing are functional tests, characterisation (fingerprinting) tests and registration of relevant parameters of the production process. The results of these tests and checks have to be compared with the results of the same tests and checks performed during production of the type-tested component and during type testing. The characterisation tests are a mandatory part of the type test program.
The client may have a look at these data and at the result of the comparison. The manufacturer has to demonstrate to the customer, on his request, those results, for instance making use of his ISO 9000 certified quality system. In simple words: "The intention is that the client will have the certainty that he will receive the same product with the same composition as ordered or as received the previous time or as has been type tested. A certainty to be obtained in a rather easy and reproducible way". The characterisation tests should be such that they are decisive for the characteristics that will be checked by means of these tests. Quantitative requirements have to be stated, both for the test results, as for the comparison with the reference results.
Characterisation tests
The characterisation tests may consist of tests to determine the chemical composition or the physical structure of the materials used. For instance infrared spectroscopy for determination of the chemical composition and of (a part of) the non-electrical tests for determination of mechanical and physical properties (for instance to detect a change in the ratio of different materials used for extrusion).
Infrared Spectroscopy (IR) as a characterisation test.
A powerful and rather accurate characterisation test is the so-called infrared spectroscopy (IR). By making use of IR, it is likely that a significant part of the other tests may be deleted.
Infra red light will be sent through a sample of the material to be characterised or reflected on the surface of that sample. A part of the spectrum of the IR light will be absorbed by the sample. The resulting spectrum gives a characteristic view of the molecular composition of the sample. Figure 2 gives an example for the IR spectrum of three different LV cable PVC sheaths. As can be seen, there is a difference in the chemical composition of these 3 materials, they are not the same. 
Characterisation and traceability for LV power PVC/PVC cables
In 2001 utilities and cable makers will start with a pilot project. Elements in this project are the characterisation of the materials used, the traceability of the production/processing and the registration of the most important process parameters.
The insulating and sheathing materials will be characterised by means of an Infra red (IR) measurement, to determine the chemical composition and of the current non-electrical tests in accordance with NEN 3616 (7).
An improved printing on the outer sheath will do the traceability of the location of the production/processing.
The most important process parameters that will be registered are the melt temperatures of the insulating and sheathing materials, by making use of the ISO 9000 quality system. The type test program will consist of the current type test program and of the registration of the process parameters and of the IR spectrum measurement.
The sample test program will consist of the current sample test program, of the check on the registration of the process parameters and of measurement of the IR spectrum of the insulation and of the outer sheath. The results of the sample tests will be compared with the results of the type tests. The bandwidth of eventual deviations will be determined during the pilot project. The sample test frequency will be reduced from 20 km down to once per 50-km production length.
The routine test program will consist of the current routine test program and of the measurement of the outer diameter of each length.
Result will be that the users will have an improved certainty that they will receive the products as qualified and as ordered, while the manufacturers will not suffer from an increase of the testing costs.
DIAGNOSTICS
3.1 Introduction. Diagnostics are well known as a tool for determination of the condition of the insulation, see paragraph 3.2.
However new diagnostic measurements and tools may be used for improved current loading by means of determination of the actual temperature of the conductor or of the actual thermal conditions of the soil in the cable trench, see paragraph 3.3.
Also new diagnostic tools, integrated in cables, are available nowadays for early warning of mechanical damage or moisture ingress, see paragraph 3.4.
Condition determination.
The role of diagnostics is well known for determination of the actual condition of accessories and of cables. However applying diagnostics should be a part of management of cable assets. With diagnostics, repair before failure is possible. Diagnostics as part of a Condition Based Maintenance (CBM) program became even more important (9, 10).
The following diagnostic tests are in use in the Netherlands, see Service aged XLPE cable systems will be tested with the outer sheath test. The Tan δ value is measured upon commissioning, after 10-15 years for the second time and after 5-10 years depending on the results. If the Tan δ value is too high, then PD mapping may be applied to discriminate between defective accessories, if any and deterioration of the polymeric insulation. An advanced Tan δ method, called Dielectric Spectroscopy, is able to discriminate between watertree deterioration of the cable insulation and defective accessories (12).
New paper cable systems will be withstand tested only. Old paper cable systems will be discharge tested after 2 faults, or before replacement or after 10 years (important circuits only).
Regularly performing diagnostic measurements on a limited number of cable systems with equal properties (age, type, loading, soil etc.) 3.3 Optimal current loading. Important part of cable system management is management of the current loading of the cable systems. Cable systems may be better loaded if the actual thermal parameters are known. Diagnostic measurements of the temperature of the outer sheath, either with an optical fibre, or with thermocouples on expected hot spots, together with calculation of the cable conductor temperature will give insight in the possibilities for optimal loading of the system. Not based on the design calculations only, but also on the actual thermal circumstances, see our CIRED 2001 paper (11).
Early warning for mechanical damage and moisture ingress.
To prevent failures because of damage due to excavation and of damage due to extreme subsidence of cables in peaty soil, optical fibres may be included in the cable design.
An integrated moisture sensor will indicate moisture ingress, long before the insulation properties will be deteriorated.
Soil subsidence will lead to an increased mechanical strain in the cable system or near the accessory. With an optical fibre, the mechanical strain may be detected.
By using optical fibres a low cost system for early warning of mechanically induced failures may be introduced in the cable management system, see our CIRED 2001 paper (11).
DEVELOPMENTS IN STANDARDISATION
The role of standardisation for a member state of the European Community has been changed significantly. Leading are the European Standards and the Harmonisation Documents.
However before standardising new developments, experience has to be gained. New developments may use so-called "pre-standards" to be able to support and to follow the rapid developments in the liberalised marketplace. In the Netherlands the "pre-standards" will be used to give guidance to the utilities and the manufacturers. The introduction of new developments will be eased. Result will be less different types, fewer costs for users and cable makers. Standardisation will support new developments in this way.
One example is the inclusion of the characterisation tests, the traceability and the registration of some process parameters in the test regime of LV PVC/PVC cables, as described earlier.
Another example is the pre-standardisation for inclusion of optical fibres in power cables, for instance for distributed temperature measurement or for protection or other purposes. This prestandardisation is based on the requirements for cables only (NEN 3620/30), of optical fibres (IEC) and on additional requirements. Only those aspects that are not described in the existing standards will be specified, together with the relation between the different elements. The prestandard will be based on functional requirements. Tests additional to the ones, given in the existing standards, will be specified.
CONCLUSION
Management of cable systems consists of management of the existing systems and of the new systems. Management of new systems starts with specifying and qualifying of the new system as a whole, also for LV and for MV systems. Result will be reliable systems with proven performance and prequalification of a limited number of cable and of accessory types and of suppliers. Investment costs may be reduced significantly. For a new LV cable system also requirements based on health, safety and environmental condition were included. Commissioning tests are important to do. They deliver the first data, to be used in the cable system management.
For service aged cable systems, diagnostic measurements are an important tool for optimal usage (loading) of the cable network. Investments may be postponed to a later date. Repair costs will be reduced.
In the Netherlands with a pilot project characterisation tests and traceability will be introduced as part of the test program for LV PVC/PVC cables. This introduction enables reduction of the sample test rate to once per 50 km produced cables. Result is fewer costs and at least the same performance level of LV PVC/PVC cables.
"Pre-standards" are introduced to ease guidance and standardisation of rapid new developments.
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